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Color Suppressing Process 
BACKGROUND OF THE INVENTION 

This invention relates to the formation of coatings 
•which are useful as iridescence suppressing coatings on 
5 transparent substrates^ particularly glass substrates. 
The iridescence-suppressing coating is normally posi- 
tioned bet ween a glass substrate and a transparent^ func- 
tional coating such as a sub-micron-thick layer of a 
far-infra-red- reflecting tin oxide coating. 

10 The background relative to the development and use of 

iridescence-suppression by use of ultra-thin^ non- 
metallic / highly-transparent coatings is set out in U.S. 
Patents to Gordon 4,187,336 4,308,316; 4,206,252; and 
. 4,377,613. These patents are incorporated herein by 

15 reference insofar as they teach the geometrical and opti- 
cal considerations relative to selection of iridescence- 
suppressing coatings. A typical color-suppression layer, 
as disclosed in these patents, is a transparent layer 
about. 800 angstroms thick, with a refractive index of 

20 about 1.67, placed between a glaas substrate and an 
infrared-reflective tin oxide coating. Another per 
tinent aspect of the teachings of Patent 4;. 187, 33 6 is the 
fact that amorphous aluminum oxide coatings are of value 
as a haze-suppressant when coating on a soda-lime glass 

25 substrate and then depositing a tin oxide layer on top of 
the aluminum oxide. The efficacy of these iridescence- 
suppressing coatings has made it desirable to seek more 
rapid coating procedures so that the coatings may be 
deposited at rates appropriate for commercial glass-making 

30 operations and with as few distinct coating zones as is 
possible. 
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The aforesaid Gordon patents emphasize , primarily the 
use of gaseous coating systems. Other work such as that 
described in U.S. Patents 4,147,556 and 3,185,586 have 
described the spraying of liquid compositions into the 
5 glass coating reaction zone. However, thus far no one^ has 
suggested a spray system which would be efficacious for 
the very thin, iridescence-suppressing layers taught by 
Gordon and could be achieved with such rapidity despite 
the need to control both thickness and refractive index of 
10 the coatings. 

The evaluation of color, especially iridescence, is 
discussed in Patents 4,187,336 and 4,206,252. These 
discussions are incorporated herein by reference - 
However, it is also noted that the teachings of MacAdam 
15 set forth in Applied Optics r Vol. 10, No. 1 (January 1971) 
are also of vaLue in evaluating small color differences. 
The formulae of MacAdam were developed based on the obser- 
vations made by a nxamber of color- normal observers and 
appear to be of value to those interested in minimizing 
20 undersirable color effects in "colorless" glass products. 

In the prior art, aliminum oxide films have been che- 
mically deposited from four different classes of aliaminum 
compounds . 

1) Trialkyl aluminum compounds, primarily trimethyl 
25 aluminum vapors, have been reacted with nitrous oxide to 
form aluminum oxide films, by Hall and Robinette, Journal 
of the Electrochemical Society, vol. 118, pages 1624-1626 
(1971). This method, however, requires critical control 
of conditions such as concentration and temperature, and 
30 also achieves only slow deposition rates, even at such 
high temperatures, such as 650 *C, that soda-lime glass 
softens . 
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2) Vapors of aluminum trialkoxides , preferably alu- 
minum tri (isopropoxide) , have been used to produce alxmii- 
num oxide films. These compounds react at relatively low 
temperatures^ such as 400**C, but the aluminum oxide pro- 
5 duced tends to be porous and of low density, and the depo- 
sition rates are rather low. Typical references to this 
art are U.S. Patent 2,9 89^421 to Novak; and Aboaf , Journal 
of the Electrochemical Society, vol.. 114, pages 9 48-952 
(1967). 

10 3) Vapor deposition of aluminum oxide from aluminum 

chelates, such as aluminum acetylacetonate , has been 
described in U.S. patent 4,160,061 and U.S. Patent 
4,187,336. However, the deposition rate achieved by these 
processes is rather slow, even at rather higher glass tem- 
15 peratures, such as 600 **C. 

4) Aluminum oxide films have been deposited by the 
reaction of aliminum chloride vapor with carbon dioxide 
and hydrogen. References include Colment et al.. Journal 
of Electrochemical Society, vol. 129, pages 1367-72 
20 (1982), and others cited there. This reaction is very 
slow at temperatures below about 900 **C, and therefore can- 
not be used for coating soda-lime glass, which is very 
soft at such high temperatures. 
SUMMARY OF THE INVENTION 
25 It is a principle object of the invention to provide 

a safe, rapid, method of making glass-coating compounds 
especially iridescence-suppressing coatings . 

A particular object of the invention is to provide a 
safe, rapid procedure for making aliaminiam-oxide based 
30 coatings. 
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A further object of the invention is to provide a 
reaction system which may be readily modified with 
respect to its stoichiometry and refractive index without 
any substantial modifying of the. basic operating parame-r 
5- ters of the apparatus on which -the process is carried out. 

It is a further object of the invention to provide 
new coating compositions of particular value in the novel 
process described herein. 

Other objects of the invention will be evident to 
those skilled in the art on their reading of this disclo- 
sure. 

The above objects have been substantially achieved by 
utilization of a spray coating procedure wherein metal- 
bearing alkoxy-chelate reactants are carried in a non- 
15 flammable, non toxic, anhydrous, liquid system. The metal 
atoms of the reactants are oxidized on the glass substrate 
to form the desired iridescence suppressing coating. The 
deposition of the -CL>ai:ing composition may be in a wholly 
oxygen-free atmosphere because the reactants themselves 
are desirably, selected to have an amount of available ox^r- 
gen which is sufficient to oxidize the metals under the 
coating conditions. 

Consequently, it is within the scope of the invention 
to provide ultra-thin oxide coatings by reacting mixed 
25 alkoxy-chelates of any particular metal or metals to 
achieve the desired amorphous oxide properties. 

Another advantage of alJcoxy-chelates , compared to 
alkoxy reactants described in the prior art, is their 
greater resistance to attack by moisture which may inad- 
vertently be present in the reaction zone. AI30, the 



20 



30 
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liquid form of the alkoxy-chelates makes it possible for 
them to be sprayed in relatively concentrated solutions, 
or even sprayed with little or no dilution, upon the hot 
glass substrate. Most of the preferred pure alkoxy- or 
pure - chelate-materiais suggested in the prior _ art were 
solids which would have to be used in conjunction with a 
substantial amount of solvent were they otherwise suitable 
for use in a spray-type process. 

In utilizing the coating process on hot, transparent, 
glass substrates, it is desirable to have the glass at 
about 500 *C to about 600 'C. Thus it is particularly 
valuable to find alkoxy -chelate compounds which do react 
completely and quickly within this temperature range which 
is low enough so that the glass will not soften, yet high 
15 enough to achieve quick deposition of the desired coating 
without recondensation , formation of powder deposits and 
other problems . 

An essential reactant when aluminum-oxide containing 
coatings are to be formed, is an aluminum-bearing com- 
pound, preferably an alkoxy-chelate compound bonding the 
aluminum atom to one or more alkoxy groups and to one or 
more beta-diketonate ligands, e.g. a material such as alu- 
min\jm di ( isopr epoxide ) acetoacetic acid ester chelate. 



1 .e 



25 Ti (_(CH3)2 CHOj 2 (C5H702)2 

This compound is readily soluble in convenient organic 
solvent systems and decomposes leaving an amorphous alumi- 
num oxide coating at appropriately high temperatures. 
Alternately, the pure liquid may be sprayed directly upon 

30 the substrate to be coated if suitable spray apparatus is 
used, which can effectively disperse this viscous liqiiid. 
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When the compound is used alone, it will form an 
excellent haze-suppressing barrier layer on soda glass, 

. . _ . In most applications as an iridescence-suppressing coating 
positioned between a glass substrate and a semiconductor 
5 overcoat, another reactant will be added to produce a co- 
precipitated oxide film having the precise refractive 
index suitable for the particular application • For 
example, I have found that the refractive index of alumi- 
num oxide films formed form aluminiom di(isopropoxide) ace- 

10 toacetic acid ester chelate have refractive index below 
1.67. Therefore a co-deposited oxide having a refractive 
index greater than 1.67, such as titanium oxide, is help- 
ful in raising the refractive index to the range required 
to suppress iridescence of a tin oxide film deposited sub- 

15 sequently. 

A material particularly useful with the aluminum che- 
late reactant is the titanium-oxide contributing titanixam 
di (isopropoxide) bis (acetylacetonate ) , i.e. 

Ti L(CH3)2 CHOj 2 ^^5^702) 2 

20 Other compounds that could be used are the analogous zir- 
conium and hafnium compounds. 

A single spray head supplied with these alkoxy- 
chelate reactants can be utilized to process a hot glass 
substrate at speeds of about 500 inches per minute or more 

25 with a 800 angstrom coating. Such surprisingly high 
growth rates were not achieved with any of the prior art 
deposition methods. Deposition rates of at least 400 
angstroms per second are obtainable. Coatings will 
usually be less than 1000 angstroms thick and, typically, 

30 will be deposited within about one second. 
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ILLUSTRATIVE EMBODIMENT OF THE INVENTION 

In this application and there is described a pre- 
ferred embodiment of the invention and suggested various 
- alt-ernatives- and modifications thereotr. ^bqt it_is .to be 
understood that these are not intended to be exhaustive 
and that other changes and modifications can be made 
within the scope of the invention. These suggestions 
herein are selected and included for the purposes of 
illustration in order that others skilled in the art will 
more fully understand the invention and the principles 
thereof and will be able to modify it and embody it in a 
variety of forms, each as may be best suited to the con- 
dition of a particular case. 
Example 1 

15 A. solution is formed by dissolving 275 grams of alu- 

minum di (isopropoxide ) acetoacetic acid ester chelate, 

' • — " AlL(CH3)2CH0j 2 (C6H9O3) / ' ™ - ^ . - 

and 91 grams of titanium di ( isopropoxide) 
bis (acetylacetonate ) r 

20 TiL(CH3)2 CHoJ 2 <C5H702)2 

in enough dry methylene dichloride, CH2CI2/ to make 1 
liter of solution. Soda-lime glass is heated to 1100 **Pr 
and sprayed with atomized droplets of the spray solution, 
using a compressed air spray gun with its nozzle placed 

25 about 20 cm from the glass surface, and inclined so that 
the spray hits the glass surface at an angle of about 30 
degrees from the horizontal glass surface. The spray is 
operated for about one second over the area being coated. 
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The sprayed portion of the glass surface is found to 
have a clear, transparent coating which is evident to the 
. ...eye only by its slightly higher reflectivity to visible 
light. Ellipsometric measurement shows that the surface 
5 of the directly sprayed area is covered by a film about 
800 angstroms thick, believed to be amorphous, and having 
a refractive index of about 1,67. 

The glass was then coated with an infrared- 
reflective , electrically-conductive , transparent coating 
10 of fluorine-doped tin oxide, as is known in the art, by 
heating the coated glass to 1100 "^P, and contacting it with 
a gas mixture containing 1.5% tetramethyltin, 2.0% bro- 
motrif luoromethane, balance dry air, for 10 seconds. The 
coated sample has a colorless, i.e. iridescence-free, 
15 appearance in both reflected and transmitted light. It 
has a low thermal emissivity of about 0.1, and a low 
electrical resistance of about 10 ohms per square. 

The aluminum and titanium compounds described above 
were obtained, from ALFA Products^, a part of the Ventron 
20 Division of Thiokol Corporation under catalog numbers 
89350 and 89360, respectively. 
Examples 2 and 3 

Example 1 is repeated substituting either hafnium or 
zirconium for the titanium in the metal chelate. Films of 
25 approximately the same quality are achieved as were 
achieved in Example 1. 

It is also to be understood that the following claims 
are intended to cover all of the generic and specific 
features of the invention herein described and all state- 
ments of the scope of the invention which might be said to 
fall therebetween , 



30 
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WHAT IS CLAIMED IS : 

1. A process for forming a very thin metal 
oxide coating on glass comprising the steps of 
spraying a metal compound bearing at least one 

5 oxygen-bearing organic chelate ligand and at least 
one alkoxy ligand, onto a hot glass sheet, and decom- 
posing said compound to leave thin, amorphous, metal- 
oxide film formed of said metal and oxygen derived in 
part from said alkoxy and chelate ligands at a depo- 
10 sition rate of at least 400 angstroms per second and 
wherein at least . a major portion of said metal is 
aluminum. 

2. A process as defined in Claim 1 wherein said 
metal oxide film is formed of a mixed aluminum and' 

15 titanitmi oxides. 

3. A process as defined in Claim 1 wherein said 
film is less than 1000 angstroms thick. 

4. A process as defined in Claim 2'* wherein said 
alkoxy-chelate compound is aluminum di (isopr epoxide ) 

20 acetoacetic acid ester chelate. 

5. A process as defined in Claim 3 wherein alu- 
minum and titanium oxides are residues of the decom- 
position of a mixture aluminum di ( isbpropoxide ) 
acetoacetic acid ester chelate and titanium 

25 di (isopropoxide ) bis (acetylacetonate ) chelate. 

6. A process a defined in Claim 3 wherein said 
proportions of said compounds are selected to yield a 
film on said glass which film is about 800 angstroms 
thick and has a refractive index of about 1.67. 
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7. A process as defined in Claim 1 wherein said 
glass is maintained at a temperature of about .500**C 
to about 600 ''C during said coating formation, 
a, A process as defined in Claim 6 wherein* said 
5 glass is maintained at a temperature of about 500 

to about 600 '^C during said coating formation. 

9- A process for forming a transparent, 
suppressed-iridescence glass product of the type 
comprising (1) a thin, transparent, infrared, reflec- 
10 tive layer of the type normally exhibiting iri- 
descence in daylight and (2) a iridescence- 
suppressing layer between said reflective layer and a 
glass substrate wherein said iiridescence-suppressing 
layer is formed by the spraying and decomposing steps 
15 of Claim 1, 

10. A process as defined in Claim 4 wherein said 
coating deposition rate is about one second. 
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^RlENDED CLAIMS 



[received by the International Bureau on 13 August 1985 (13.08.85); 
new claims 11—13 added; other claims unchanged (1 page)] 

7. A process as defined in Claim 1 wherein said 
glass is maintained at a temperature of about 500 ''C 
to about 600 **C during said coating formation. 

8. A process as defined in Claim 6 wherein said 
. .5- . .. - glass is maintained at a temperature of about 500 ^'C 

to 'about 600 **C during said coating formation. 

9. A process for forming a transparent, 
supprossed-iridescence glass product of the type 
comprising (1) a thin, transparent, infrared, reflec- 

10 tive layer of the type normally exhibiting iri- 
descence in daylight and (2) a iric:3scence- 
suppressihg layer between said reflective layer and a 
glass substrate wherein said iridescence-suppressing 
layer is foxrmed by the spraying and decomposing steps 

IS of Claim 1. 

10. A process as defined in Claim 4 wherein said 
coating deposition rate is about one second. 

11. A process as defined in Claim 1 wherein said 
organic chelate is a beta— dik-etonate compound. 

20 12. A process as defined in Claim 6 wherein said 

organic chelate is a beta-diketonate compounds 
13. A process as defined in Claim 10 wherein 
said organic chelate is a beta-diketonate compound. 
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